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(54) Title: REPORTER CELL LINE 
(57) Abstract 

The present invention provides a cell 
line including a tint reporter gene arranged 
to express an assayable first gene product, ex- 
pression of the first reporter gene being AP- 
1 mediated, and a second reporter gene ar- 
ranged to express a second assayable gene 
product, expression of the second reporter 
gene being mediated by NFkB. Thus the 
present invention provides a convenient one 
cell line-based assay system which can be 
used to rapidly test a large number of com- 
pounds for potential anti-inflammatory activ- 
ity. According to a further aspect of the in- 
vention there is provided a method of test- 
ing a compound for both API and NF«B in- 
hibitory activity, the method comprising pro- 
viding cells in accordance with the first aspect 
of the invention, stimulating API and NF/cB 
activity in the cells and contacting the cells 
with the compound to be tested and monitor- 
ing expression of the first and second gene 
products wherein inhibition of API expres- 
sion of the first gene product, and inhibition 
of NFicB mediated expression of the second 
gene product is indicative that the compound 
has both API and NFicB-inhibitory activity. 
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HTCPOPTRR CKIX LINE 



This invention relates to a reporter cell line and is particularly, though not exclusively, 
concerned with a cell line useful for testing compounds as potential anti-inflammatory 
drugs. 

Intracellular receptors and their ligands play key roles in various hormone dependent 
diseases such as cancers, osteoporosis and cardiovascular and inflammatory 
malfunctions. A number of pharmaceutical drugs that can modulate the function and 
activity of intracellular receptors have been developed and are today used for the 
treatment of major clinical indications: for example glucocorticoids as anti-inflammatory 
drugs, estrogen agonists, vitamin D and thyroid hormone for hormone replacement 
therapy, estrogen antagonists in the treatment of breast cancer and androgen antagonists 
in prostate cancer therapy. 

However, for many indications there are either no hormonal drugs available or current 
drugs have undesired side effects due to poor receptor selectivity or tissue specificity. 
For example. Tamoxifen, a potent anti-estrogen used in adjuvant therapy in breast 
cancer, causes an increased frequency of primary endometrial cancer in long term 
treatment; or anti-inflammatory glucocorticoids for systemic treatment which frequently 
induce osteopenia. 
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Thus there is a need for safer drugs with an improved therapeutic profile, that is to say 
drugs having a more defined specificity and tissue selective agonist/antagonist activity. 

Glucocorticoids exert profound effects on the inflammatory and immune responses. They 
affect growth, differentiation and function of a broad range of cells involved in these 
processes. The principal mechanism whereby they exert their powerfiil effects is through 
modulation of tiie transcription of specific sets of genes such as metaUoproteases and 
inflammatory mediators such as tiie tumour necrosis factor TNF-«. and tiie interleukins 
IL-1,2,3. 5,6 and 8. Glucocorticoids inhibit transcription of tiiese genes by interfering 
with tiie API transcription factor, tiie heterodimeric complex formed by die c-fos and c- 
jun oncoproteins. (Angel et al (1987). Cell 49 729-739; Boumpas (1991) et al Clinical 
and Experimental Rheumatology 9. 413^23; Yang Yen et 01,(1990) Cell 62.1205-1215. 
and references cited tiierein) and tiie NFxB transcription factor, tiie heterodimeric 
complex composed of two subunits. p50 and p65, involved in die expression of a 
number of genes including immunoglobulin k, IL-2 receptor, and class 1 
histocompatibility genes (Baeurle.(1991) Biochim. Biophys.Acta 1072 63-80; Stolpe et 
al (1994) J. Biol. Chem. 269:6185-6192; Ray and Prefontaine (1994) Proc. Nati Acad. 
Sci 91 752-756; Stein et al (1994) EMBO J. 12: 3879-3891; Caldenhoven et al. (1994) 
Mol. Endocrinol, (in press); and references cited tiierein). 



20 



Glucoconicoids also block tiie migration of leucocytes to tiie site of inflammation by 
having a direct inhibitory effect on die expression of adhesion molecules like ICAM and 
E-selectin (Caldenhoven et al. (1994) Mol. Endocrinol, (in press); and references cited 
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0 therein). 

Experimental data suggests that the mechanism of API and NFkB dependent 
transcription is suppressed by the hormone activated glucocorticoid receptor (GR) 
through the formation of a GR: API and/or a GR: NFkB protein:protein complex, 
5 respectively. (Jonat et al (1990) iwpra; Yang Yen €/ al (1990) supra\ ScWUe et al 

(1990) Cell 62, 1217-1226; Ray and Prefontaine (1994) supra\ Caldenhoven et al. 
{\^A)supra\ and references cited therein). 

It has been indicated from experimental data that the relative potency of synthetic and 
10 naturally occurring glucocorticoids as anti-inflammatory agents corresponds with their 

potency in inhibiting API-dependent transcription Jonat et al (iPPOj.Boumpas et al 

(1991) supra: Yang-Yen et al (1990); and Schule et al (1990) supra; unpublished 
results). 

15 However, one of the most severe side effects of long term glucocorticoid treatment is 

steroid induced osteoporosis (in Osteoporosis 1990 edited by Christiansen C. and 
Overgaard K 1529-1538). A glucocorticoid induced negative calcium balance resulting 
in secondary hyperparathyroidism and inhibition of osteoblast precursor maturation is 
believed to be the major mechanisms of glucocorticoid induced bone loss (Hahn, T.J. 

20 (1990), in Primer on the Metabolic Bone Diseases and Disorders of Mineral Metabolism 

First edition, published by the American Society for Bone and Mineral Research p.l58- 
162; Luckert B.P. and Raisr L.G., (1990) Annals, of Internal Medicine 112: 352-364; 
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•n„ severe a»d «^ side efft«s of exisdng. clinicaUy »«d glucocorticoids poims «. 



the 



,«d for «ml ami-inflanmBtory drugs «ith reduced toxicity. 



Ma.«r of the large phamaceutical composes have accumulated libraries exceedit* 
100.000 compoutuis «Uch are of no .narket value umU proven valuable for a cli.uc.1 
application. 

Most of the dn.gs in currem clitucal use have been developed using classical ..chni<,« 
0 ,a«i„v,,ro binding to targe, receptors in tissue extracts or cells, l^cootpound 

opUmi^tion has been perfonned by .radiUonal medicinal chemistry. In addition, the lack 
of relevant in .Uro assays for test of the biological activity of drugs have of.«. 
necessitated Urge and extensive animal smdies to prove their effects for the indicated 
Cimcal application. Initial screemng of a large mmtber of compounds on animals is 

time^nsumhtg. expensive a»l is nowadays considered undesirable and. m ceruun 

cases, may give misleading results. 



Recem advances in molecular biology ^ molecular endocrinology have made U 
possible to develop tools by v,hich novel drugs can be discovered ^ evaluate, m a 
^ rational way. It is today possible to do screemng and evaluation of large compound 

libraries using genetically engineer^.. ceU based transcription assays (rep«ter assays). 
™s type of mechanistic .„ assay not only discloses whether a compound interacts 
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with a specific hormone receptor but also the biological consequences of that interaction 
by indirectly determining the rate of transcription of a selected target gene (reporter 
gene). 

According to a first aspect of the present invention there is provided a cell line 
including a first reporter gene arranged to express an assayable first gene product, 
expression of the first reporter gene being AP-1 mediated, and a second reporter gene 
arranged to express a second assayable gene product, expression of the second reporter 
gene being mediated by NFkB. 

API aiKl/or NFkB activiQr in the cells may be stimulated and the cells subsequently 
contacted with a compound to be tested. Inhibition of either or both activities in the thus 
stimulated cells is indicative that the compound has at least potential anti-mflammatory 
activity. 

Thus the present invention provides a convenient one cell line-based assay system which 
can be used to rapidly test a large number of compounds for potential anti-inflammatory 
activity. 

Preferably, the cell line is derived from human, more preferably HeLa cells. The 
invention is not, however, limited to mammalian cells. For example, the cell line may 
be derived from yeast or insect cells. 
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puceaul phosphatase a». <«hcr «por«r n»y be «r,»g- «> 

Thcs.g««p™>-a.p«.^asU«yare«a.«y 

^sayed for, W oU«r suiubl. rcponer s«es ™y be se.co«<. hy sBn«. wortce. 

5 ^,^»aseco»..sp«.o,««i.vc„>onUKrcUprov«e-a«*odof«sUn^ a 

cc^^cun. for bo.h AP, ^«=.B inhibi^ry aoavi^. -^^"^ 
„US i. .«o«U«e «i* *e f»s. aspec. of U,e — . AP. and NB=B 

acUvity in U,e oells .»i co«acd„» «'* K, b. «s«d ana 

^oniUTin, expre^ion of che f.s. an. second gene produce whereU. inhibUion of AP> 
expression o, *e firs, gene produc. inhibidon of NF«B n»>ia.ed expression of U« 
«coMge.eproa»c.isinaicaUveO..U«con.pou:.hasbo*AP.an.NP.B-inhibi.ory 
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activity. 

ac,ivi,y in *e ceiis n«y be s«»u.a«d by *e phorbo, es,er <TPA). epiOer™. 
,5 gro«* ^ (EOF). pyrroiiOine aiU>i<.arban,a.e ,PDTO or N.ace.y.-l^ys«.ne 

(NAC). 

• lot^H Kv TPA TNFa , IL-lp, H2O2 or any combination 
NFkB activity may be stmiulated by TPA, 1 iNr a , p 

thereof. 
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according » a OUrd aspec. of *e invenUon U«re is provi.H. a n«*o- of »sUng a 
ecpou^i for API inhibitory a«,vi.y comprising providing ceiis in accor<Unce wi* U.e 
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first aspect of the invention, stimulating API activity in the cells, and contacting the 
cells with the compound to be tested and monitoring expression of the first and second 
gene products wherein inhibition of APl-mediated expression of the first gene product 
and no effect or substantially no effect on the expression of the second gene product is 
indicative that the compound has API inhibitory action. 

According to a fourth aspect of the invention there is provided a method of testing a 
compound for NFkB inhibitory activity comprising providing cells in accordance with 
the first aspect of the invention, stimulating NFkB activity in the cells, and contacting 
the cells with the compound to be tested and monitoring the expression of the first and 
second gene products wherein inhibition of NFKB-mediated expression of the second 
gene product and no effect or substantially no effect on the expression of the first gene 
product is indicative that the compound has NFkB inhibitory activity. 

API activity or NFkB activity respectively may be stimulated in the methods according 
to the lauer two aspects of the invention as described above in relation to the method in 
accordance with the second aspect of the invention. 



The production of a cell line in accordance with the invemion and its use to test 
compounds in methods in accordance with the invention will now be described, by way 
of example only, with reference to the accompanying Figures. Fig.s 1 to 11 in which: 

Fig. lA shows the nucleotide sequence of the five API responsive elements inserted in 
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ondem i?«tream of the mou« maiiBimy tumo^ 

LTO) promottr «kI the gene encodi»g the s«=re.e<l form of hum» pUce<»ai IbUtoe 
phosphatase (ALP); 

Fig IB shows the ALP reporter vector 5APNT-ALP containing the nucleotide sequence 
of Fig lA; 

Fig 2A shows the nucleotide sequence of the two NFkB responsive elements inserted in 
umdem upstream of the mouse mammary tumour virus long terminal repeat (MMW 
LTR) promoter; 

Fig.2B shows the NFkB controlled reporter vector SNKB2-hGH2 encoding the human 
growth hormone polypeptide (hGH); 

Fig. 3 A illustrates the effea of dexamethasone on cells from a cell line in accordance 
with the invention in which AP-1 activity has been stimulated; 

Fig 3B illustrates the effect of dexamethasone on cells from a cell line in accordance 
with the invention in which NFkB activity has been stimulated; 



0 



Fig 4 illustrates the effect of dexamethasone on cells from a cell line in accordance with 
the invention in which AP-1 and NFkB activity has been stimulated; 
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Fig 5 illustrates the effect of betamethasone on cells from a cell line in accordance with 
the invention in which AP-1 and NFkB activiQr has been stimulated; 



Fig 6 illustrates the effect of beclomethasone on cells from a cell line in accordance with 
the invention in which AP-1 and NFkB activity has been stimulated; 

5 

Fig 7 illustrates the effect of aldosterone on cells from a cell line in accordance with the 
invention in which AP-1 and NFkB activity has been stimulated; 

Fig 8 illustrates the effect of corticosterone on cells from a cell line in accordance with 
10 the invention in which AP-1 and NFkB activity has been stimulated; 

Fig 9 illustrates the effect of cortisone on cells from a cell line in accordance with the 
invention in which AP-1 and NFkB activity has been stimulated; 

15 Fig 10 illustrates the effect of cortexolone on cells from a cell line in accordance with 

the invention in which AP-1 and NFkB activity has been stimulated; and 

Fig 11 illustrates the effect of RU486 on cells from a cell line in accordance with the 
invention in which AP-1 and NficB activity has been stimulated. 

20 

1 Cengrariftti of comhined AP-T ^irR reporter cell line 

HeLa tk* cells were initially stably transformed using conventional techniques with a 
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^ «c»r 5APNT.ALP cmiprUtag five API .«p.nse c.co»m«s in 

fi«d 5' to fl» pro™.«r scquc^e^ of a« mouse mamm^^y 
urnunal rcpe,. (M»m LTO) and tl« ge« «K0dtag U« secreud fonn of hu^ 

puce^a. PbosP*-- (ALP, (as shown in Figs lA and B) secreUon o, 

0.. ALP pronto i^o d« ^ ^P-l media»d .ranscripdon. 

Fig , A Shows d« nucleodde se<^ «f d« five API «spo.sive elements (over lined) 
in «nd». upsue^n of .he TATA4>ox in .he n„usc n« vi^s long 

„nmna. repeat (MNfTV LTR) promoter a,^ d« beginning of *e gene encoding d» 
secreted fbm. of .U=aline phosphatase (AU-) in plasmid SAPNT-AIJ ■ The ATG (start 
codon) for ALP is underltaed. The n=suldng cells were «rn«l GRAP cells. 

The level of ALP repor«r pro«in expressed and secr«ed in» d» n»dium can be 
determined mdirectty by a chemilominescence assay. The facili., » us. a 
chcmilnminescence bas«i assay and *e f^. *a. U« AU" is secreted imo d. cul«« 
^inm. maV» *e ALP based r^ assay particularly convenient » us. compared .o 
imracellular reporters such as chloramphenicol acetyluansf^CAT) and luciferase 
(Alam , and Coo. J.L.a990) Analytical Biochemistry 188. 245-254). Additionally, the 
High sensitivity of the chemUuminescent AU- assay cables growd, of celU and testing 
Of compounds in 96-weU microtiier plates. 
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Then a se«»d. NF«B reguUted reporter vector SNKB2.hGH2 shown in Fig 2B was 
introduced i«o the ORAP cells using conventional technic ^ U» stable transf^ion 
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0 of mammal ian ccUs to produce a ncw Cell line - tenned NAP cells. The reporter vector 

SNKB2-hGH2 comprises a NFicB-regulated promoter (MMTV) fused to a reporter gene 
encoding human growth hormone (hGH). The hGH reporter protein is secreted into the 
cell culture medium like the ALP reporter protein. The level of NFicB-induced hGH 
expression is determined immunologically by a Delfia assay (Wallac OY, Finland). 

5 

Thus the NAP cells contain two exogenous transcription units whose reporter genes are 
transcriptionally induced by the two distinct signal-activated transcription factors API 
and NFkB, respectively. The ALP transcription unit is controlled by, and responds to. 
the presence of elevated levels of the API transcription factor induced by TPA, EGF, 
10 NAC or PDTC by increased ALP expression. On the other hand, the hGH transcription 

unit responds to signal activated NFkB resulting in an increase in hGH expression. 

t. nptPrmining the t^ffprte of dpifflmrthasnne on the API -df Of ndCHt ALP 

pvprossion and NFkB dene n Hpnt hCH rppnrtPr gene transactivation. in NAP CCllS 

15 

The use of the NAP cells in determining the use of various compounds as anti- 
inflammatories can be demonstrated using the synthetic glucoconicoid dexamethasone. 

Cells are culmred in MEM supplemented by 10%FCS. ImM pyruvate and 1% non 
20 essemial amino acids. 

Before exposure to compounds, NAP cells are seeded in 96-well micronter plates in 
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Ham's F12 ( «i*a« pb»ol »d) sm>»^ ^ « «™» ""^^ •»« 

50.g/n- gen«n»cin. The AP-l-d.pcnde« ALP rcponer g». exp«ssi«. »d the NF.B. 
aepe^lem hGH reponer ge« expression. «sp.cUve,y. was induced by 2 mM phorbo. 

TPA inHam's F12 s»pplenKn«d »i* 0.5% FCS «.d i«re.sing cheen^aUons of 
the synflietic glucocorticoid, dexamethasone. 

The reUtiveie^ls of AlP expressed w.«d««nnned by a chemitamihescen. assay as 
follows: a 10^ aliquot of the cell cu.t«e n«diun, was ouxed wi.h200^ of ass., bu*r 
(10™M dieU^hoianune pH 10; In*. MgCl. and 0.5n*. AMPPD) i. accordance with 
*e procedures of Tizard « ui (1990) Prcc. NaU Acad Sci.87 4514^518) ^ ^ « 
al (1991) J. Biol. Chem. 266 10078-10085). in white microtiter plates and incubated at 
37.C for 20 .ninutes before being transferred to a microplate fomu. lununometer 
(UnninoslcanLabsysten^, Finland). TheseningoftheUuninoslt»t.un^n«.erwas 
measnren^n. with 1 second reading of each well. The allcaline phosphatase 
activity is expressed in light units (LU). 
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hGH expression was 



n„,ni.ored inununologically wifl> the DelHa assay mentioned above. 



cells were treated with 2.M TPA to i»luce the heterodimeric fos/Jun uanscnptto. 
^ (and therefore API activity) and NF.B acuvity which w» indirecUy determined 
,0 by an increased expression of ALP (Fig3A) and hGH (Fig3B). respecUvely. In the 

p^sence of increasing co^entraUons of dexamethasone. the AP-l dependent ALP 
expression and the NF^ dependent hGH expression, respectively, were inhibited ina 
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dose dependent maoner. 



-X IVtemiining the effects of vario iw mineralicnrticoids and glucocorticoids on 

th«> API-depend ent ALP eiqir<»«inn and NFkB dependent hGH reporter eene 
5 transactivation in NAP ceMs 

Fig.s 4 to 10 illustrate the effect of various mineraiicorticoids and glucocorticoids on 
NAP cells in which AP-1 and NFkB activity was previously stimulated as described 
above. It will be seen that each conq)Ound inhibited both AP-1 and NFkB dependent 
10 reponer gene expression to a greater or lesser effect. For example, the lower degree of 

inhibition shown in Figs 7 and 8 suggests that the mineraiicorticoids tested, aldosterone 
and cortisone, are less likely to begood anti-inflammatories. 

The cell line and the method of the present invention can be used to test a wide variety 
15 of compounds for API and/or NFkB inhibitory activity and can be used in a compact 

convenient assay format. 
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CLAIMS 

1 A cell line including a first reporter gene arranged to express an assayable first 
gene product, expression of the first reporter gene being AP-1 mediated, and a second 
reporter gene arranged to express a second assayable gene product, expression of the 
second reporter gene being mediated by NFkB. 

2 A cell line according to claim 1 in which API and/or NFkB activity in the cells 
can be stimulated and the cells subsequently contacted with a compound to be tested. 

3 A cell line according to claim 2 in which inhibition of either API or NFkB 
activity in the thus stimulated cells is indicative that the compound has anti- 
inflammatory activity. 

4 A cell line according cUim I or 2 in which inhibition of boU. API and NF.B 
aciviv in *e thus stin»U««l cells is indicative that the compound has 
15 inflammatory activity. 

5 A cell line according to any preceding claim which is derived from human cells. 



10 



20 



6 A cell 



line according to claim 5 which is derived from HeLa cells. 



7 A cell line according to any preceding claim in which one of the reporter genes 
arranged to express an alkaline phosphatase. 
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8 A cell line accoiding to claim 7 in which the alkaline phosphatase is human 
placental alkaline phosphatase. 

9 A cell line according to any preceding claim in which one or the other of the 
reporter genes is arranged to express human growth hormone. 

10 A method of testing a compound for both API and NFxB inhibitory activity, the 
method comprising providing cells from a cell line in accordance with any preceding 
claim, stimulating API and NFkB activity in the cells and contacting the cells with the 
compound to be tested and monitoring expression of the first and second gene products, 
wherein inhibition of APl-mediated expression of the first gene product, and inhibition 
of NFicB-mediated expression of the second gene product is indicative that the compound 
has both API and NFkB -inhibitory activity. 

1 1 A method according to claim 10 in which an indication that the compound has 
both API and NFxB -inhibitory activity is indicative that the compound has an anti- 
inflammatory activity. 

12 A method according to claim 10 or 1 1 in which API activity in the cells is 
stimulated by the phorbol ester (TPA). epideimal growth factor (EGF). pyrrolidine 
dithiocarbamatc (PDTC) or N-acetyl-L-cysteine (NAC). 

- 15 - 
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13 A method according to claim 10, 1 1 or 12 in which NFkB activity is stimulated 
by TPA, HjOj, INFa, IL-1b or a combination of TPA and HjOj. 

14 A method of testing a compound for API inhibitory activity, the method 
comprising providing ceUs from a cell line in accordance with any one of chiims 1 to 9, 
stimulating API activity in the ceUs, and contacting the cells with the compound to be 
tested and monitoring expression of the first and second gene products wherein 
inhibition of API-mediated expression of the first gene product and no effect or 
substantially no effect on the expression of the second gene product is indicative that the 
compound has API inhibitory action. 

15 A method of testing a compound for NFkB inhibitory activity, the method 
comprising providing cells from a cell line in accordance with any one of claims 1 to 9, 
stimulating NFkB activity in the cells, and contacting the cells with the compound to be 
tested and monitoring the expression of the first and second gene products wherein 
inhibition of NFKB-mediated expression of the second gene product and no effect or 
substantially no effect on the expression of the first gene product is indicative that the 
compound has NFkB inhibitory activity. 
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3'-GCCCTGAAAGGCGACCCCrGAAAGGTCTGATC-5' 
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